Variety of nonsense suppressor phenotypes associated with mutational changes at conserved sites in Escherichia coli ribosomal RNA.
To screen for ribosomal RNA mutants defective in peptide chain termination, we have been looking for rRNA mutants that exhibit different patterns of suppression of nonsense mutations and that do not suppress missense mutations at the same positions in the same reporter gene. The rRNA mutations were induced by segment-directed randomly mutagenic PCR treatment of a cloned rrnB operon, followed by subcloning of the mutagenesis products and transformation of strains containing different nonsense mutations in the Escherichia coli trpA gene. To date, we have repeatedly obtained only two small sets of mutations, one in the 3' domain of 16S rRNA, at five nucleotides out of the 610 mutagenized (two in helix 34 and three in helix 44), and the other in 23S rRNA at only four neighboring nucleotide positions (in a highly conserved hexanucleotide loop) within the 1.4 kb mutagenized segment. There is variety, however, in the suppression patterns of the mutants, ranging from suppression of UAG or UGA, through suppression of UAG and UGA, but not UAA, to suppression of all three termination codons. The two helices in 16S rRNA have previously been associated both physically and functionally with the decoding center of the ribosome. The 23S region is part of the binding site for the large subunit protein L11 and the antibiotic thiostrepton, both of which have been shown to affect peptide chain termination. Finally, we have demonstrated that the 23S mutant A1093, which suppresses trpA UGA mutations very efficiently, is lethal at temperatures above 36 degrees C (when highly expressed). This lethality is overcome by secondary 23S rRNA mutations in domain V. Our results suggest that specific regions of 16S and 23S rRNA are involved in peptide chain termination, that the lethality of A1093 is caused by high-level UGA suppression, and that intramolecular interaction between domains II and V of 23S rRNA may play a role in peptide chain termination at the UGA stop codon.